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Introduction

Microplastic contamination is an emerging threat to environmental and ecological
systems across the globe. Microplastics are defined as small (less than 5 mm)
solid fragments of synthetic or modified natural polymers that are insoluble in
water." Studies have shown that plastic particles cause harm to multiple types of
organisms through exposure to toxic substances.?® Despite these known toxic
effects, the full extent of the impact of microplastics remains unclear due to
challenges in developing reliable methods for characterizing this broad class of
micro-sized polymers.

Infrared (IR) spectroscopy is an established technique for characterizing
microplastics. It identifies the molecular composition and structure of materials by
measuring the absorption of IR radiation. The resulting absorption bands, which are
due to intramolecular vibrational modes, help identify organic or mineral materials
through comparison of spectra with a library of spectra from known polymers.’
Current directives and standard methodologies require that major types of polymers
are identified correctly and can be distinguished from other natural materials.’#



Major types of polymers include polyethylene (PE), IR spectral acquisition is typically performed between 750

polypropylene (PP), polyethylene terephthalate (PET), and 4,000 cm™; however, only specific regions are used for
polystyrene (PS), polyvinylchloride (PVC), polyamide (PA), the identification of microplastics. These spectral ranges
polyurethane (PU), polymethylmethacrylate (PMMA), are selected based on considerations such as exclusion of
polytetrafluoroethylene (PTFE), and polycarbonate (PC). regions with a low signal-to-noise ratio (S/N), substrate or
These polymers provide IR information in five spectral ranges® filter limitations, or instrument manufacturer specifications.
as follows: This study investigated the impact of narrowing the IR
- 2,9801t0 2,780 cm™ (stretching vibrations of spectral range on the identification of microplastics using
CH/CH,/CH, groups) three data collection modes and multiple spectral ranges. All
~ 1,480 10 1,400 cm" (CH, bending vibrations) experimental work was applied to the same materials.

- 1,760 t0 1,670 cm™ (C=0 stretching vibrations)
- 1,800to 1,740 cm™ (C=0 stretching vibrations)
- 1,260 to 1,087 cm™ (CF, stretching vibrations)

Figure 1 shows spectra of the most common synthetic
polymers acquired by FTIR in attenuated total reflectance
(ATR) mode.
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Figure 1. FTIR spectra of the most common synthetic polymers measured using the Agilent Cary 630 FTIR-ATR.
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Experimental

Sample and sample preparation

Plastic pellets (sourced from SP2 Scientific Polymer
Products Inc, New York State, USA; Polymer Sample Kit,
part number 205) and items of known polymer type were
ground into a powder using a metallic file. Single particles of
these samples were analyzed by FTIR-ATR (Cary 630 FTIR).

For microplastics imaging analysis, the particles of each
polymer type were collected in a vial containing absolute
ethanol (CAS No. 64-17-5). After vigorous shaking, 20 pL of
the suspension was transferred onto low-e reflective IR slides
using a pipette, ready for analysis.

Instrumentation

To evaluate the effects of narrowing the IR spectral range
on microplastics identification, a comparative study was
performed using the following three systems:

— Agilent Cary 630 FTIR with an ATR module, covering
650t03,945¢cm™.

— Agilent Cary 620 FTIR microscope coupled with
an Agilent Cary 670 FTIR spectrometer (product
discontinued), covering 650 to 3,945 cm™.

— Agilent 8700 LDIR chemical imaging system, operating
within 975to0 1,800 cm™.

For data collection by the Cary 630 FTIR-ATR, a particle
from each material with a diameter > 500 um was placed
on the platform and measured directly using the operating
parameters given in Table 1.

Table 1. Agilent Cary 630 FTIR-ATR
operating parameters.

Parameter Setting
Background Scans 64
Sample Scans 64
Spectral Resolution 2cm™

Spectral Range 650 to 4,000 cm™’

Mode of Measurement ATR

Background Air

For the two imaging systems, a selected area of the low-e
IR slide of each polymer was analyzed using the operating
conditions given in Tables 2 and 3.

Table 2. Parameters used for the Agilent Cary 620
FTIR microscope coupled to an Agilent Cary 670 FTIR.

Parameter Setting
Focal Plane Array (FPA) Size | 128 x 128
Objective 15x
IR Pixel Size 5.5um
Number of Scans Per Tile 120
Spectral Resolution 2cm™
Spectral Range 650 to 3,954 cm™’
Mode of Measurement Reflection
Substrate/Background Low-e slide

Table 3. Parameters used for the Agilent 8700 LDIR
automated method analysis of microplastics.

Parameter Setting
Method Particle Analysis
Minimum Particle Size 20 pm
Maximum Particle Size 500 pm
Scan Speed Default (8)
Sweep Speed Default (3, high speed)
Focus Offset 0
Polarization (Degree) Default (0)

Attenuation (%) Default (0)/Auto

Spectral Resolution 0.5cm™

Spectral range 97510 1,800 cm™’

Mode of Measurement Reflection

Substrate/Background Low-e slide

Number of Scans Per Particle 1

Data processing

Polymer identification and correlation calculations for

each technology were performed by exporting spectra,
converting reflection data to absorbance, and calculating
the first derivative (Microsoft Excel for Microsoft 365 MSO
Version 2409 Build 16.0.18025.20214). The resulting data
were then correlated with reference library spectra using
Pearson's method.® The siMPle library, containing 326 ATR
spectra of commonly encountered environmental polymers,
was used for this analysis.” For data obtained from the Cary
620 FTIR microscope imaging system, the CO, absorption
region (2,250 to 2,450 cm™") was flattened before applying
the correlation.


https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/ftir-benchtop-systems/cary-630-ftir-spectrometer
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy/atr-ftir-spectroscopy
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-chemical-imaging-system/ldir-chemical-imaging-system

Results and discussion

Spectral range selection

To investigate the effects of reducing the spectral range on
the identification and correlation values, four regions were

selected for the Cary 630 and Cary 620 datasets as follows:

— Full spectral range: 650 to 3,945 cm™!

— Avoidance of low S/N range: 950 to 3,590 cm™!
— Anodisc filters range: 1,250 to 3,590 cm™'

— Fingerprint region: 975 to 1,800 cm™"

Cary 630 FTIR-ATR

All polymers were identified correctly using the Cary 630
FTIR-ATR regardless of the spectral range used, as shown
in Table 4. There was only a minor change in the specific
identification across the ranges, but not necessarily the
major polymer group. The main findings regarding spectral
correlations over different spectral ranges include:

— Minimal variation was observed in correlation values
for PMMA, PC, PE, and PU across all four evaluated
spectral ranges.

- Narrowing the spectral range to 975 to 1,800 cm™ (the
fingerprint region) resulted in improved correlation for PA,
PP, and PVC, while maintaining consistent values for the
other polymers.

— PET and PS achieved the highest correlation values in
both the full spectral range (650 to 3,945 cm™) and the
narrowest range (975 to 1,800 cm™") compared to the
intermediate ranges (950 to 3,590 cm™" and 1,250 to
3,590 cm™).

— PTFE demonstrated optimal performance at 975 to
1,800 cm™", achieving a correlation of 0.9782, indicating
excellent compatibility with the reduced range. This result
is mainly driven by the CF, stretching vibration below
1,250 cm™.

Correlation values are generally comparable or improved for
polymers such as PMMA, PTFE, and PVC in the fingerprint
range, suggesting that this narrower range of 975 to

1,800 cm™" provides sufficient information for polymer
identification in many cases.

Table 4. Impact of spectral range on identification and correlation using an Agilent Cary 630 FTIR-ATR.

Polymer 650 to 3,945 cm™ 950 to 3,590 cm™

PS

PE

PC

PP

PTFE

PU

PMMA

Correlation ‘ <0.4 ‘ 0.4t0 0.6 _

1,250 t0 3,590 cm™ 975to 1,800 cm™

PET 0.54 0.47
Poly(ethylene_terephthalate) Fibre_polyester
PVC 0.28 0.30 0.26
Poly(vinyl_chloride)_carboxylated | Polyvinylchloride_with_plasticizer | Polyvinylchloride_with_plasticizer

Poly(tetrafluoroethylene)

0.51 0.51
e Nylon_6_6 Nylon_6_6

Nylon_6_6




Cary 620 FTIR microscope imaging Key observations from the reduced spectral range

As with the Cary 630 data, all polymers were correctly study include:

identified using the Cary 620 FTIR microscope imaging - Minimal variation was observed in correlation values for
system. However, the full spectral range (650 to 3,945 cm™) PA, PC, PE, PET, PMMA, PS, PU, and PVC across the three
exhibited the lowest correlation values, primarily due to low evaluated spectral ranges.

S/Ns at the spectrum'’s extremities. Narrowing the range
t0 950 to 3,590 cm™ improved the correlation, as shown in
Table 5.

— Narrowing the spectral range to 975 to 1,800 cm™" resulted
in improved correlation for PP and PTFE while maintaining
consistent identification results.

Table 5. Impact of spectral range on identification and correlation using an Agilent Cary 620 FTIR microscope imaging system.

Polymer 650 to 3,945 cm™ 950 to 3,590 cm™ 1,250 to 3,590 cm™’ 975t0 1,800 cm™
0.41
= Polystyrene
PE 0.41
Polyethylene_low_density
PET 0.54 0.57
Polyethylene terephthalate Polyethylene terephthalate
PC 0.37 0.55 0.58
Polycarbonate Polycarbonate Polycarbonate
0.17 0.38 038 0.47
PVC Vinyl_chloride_vinyl_acetate_ Vinyl_chloride_vinyl_acetate_ y Vinyl_chloride_vinyl_acetate_

Polyvinylchloride

hydroxypropyl_acrylate hydroxypropyl_acrylate hydroxypropyl_acrylate

PP

PTFE 0.14 0.44 0.37
Polytetrafluoroethylene Polytetrafluoroethylene Poly(tetrafluoroethylene)
0.43
R Nylon_6_6
0.46
AL Alkyd_varnish
PMMA 0.31 0.38 0.36 0.39

Polymethyl methacrylate Polymethyl methacrylate Polymethyl methacrylate Polymethyl methacrylate

Correlation ‘ <0.4 ‘ 0.4t00.6 _




8700 LDIR chemical imaging system

The 8700 LDIR uses a tunable quantum cascade laser (QCL)
IR source to scan the fingerprint region (975 to 1,800 cm™)

at any sample location, generating molecularly specific
spectral signatures for polymer identification. Using Pearson's
correlation, similar to the other technologies, the exported
LDIR data accurately identified all polymers, as shown in
Table 6. The correlation values ranged from 0.629 to 0.964.

Table 6. Identification and correlation results using an
Agilent 8700 LDIR data processed using Pearson's method.

Polymer 97510 1,800 cm™
PS
PE
PET
PC
0.74
AYE Polyvinylchloride
_
0.63
PTFE Polytetrafluoroethylene
_
0.75
0 Polyurethane
0.73
RMMA Polymethyl methacrylate

Correlation ‘ <04 ‘ 0.4t0 0.6 ‘ 0.6t00.8 -

The same LDIR spectra were analyzed using the automated
Particle Analysis workflow in the Agilent Clarity software,
where matching is based on the cosine similarity of the first
derivative of the spectra. The analysis uses the high-quality
Microplastics Starter 2.1 library supplied with Agilent Clarity
software, which contains spectral data for polymers and
natural materials.”®

As summarized in Table 7, this method achieved accurate
identification results for all polymers, as indicated by hit
quality index (HQI) scores between 0.878 and 0.987. (High
confidence HQI scores range from 0.85 to 0.99 and a score of
1 represents the highest quality result).

Table 7. Polymer identification and HQl results for spectra
acquired using an Agilent 8700 LDIR processed by Agilent Clarity
software and the Particle Analysis workflow.

Polymer Microplastics Starter library 2.1 and Clarity HQI
PS gfl;gtyrene

PE gfl%thylene

PET gflsgthylene terephthalate
PC gflsgarbonate

PvC gfl;\?inylchloride

PP (F)’flsgropylene

PTFE g'oglﬁetraﬂuoroethylene
PA gfl?/:mide

PU gfl;ll?jrethane

PMMA gglsraethyl methacrylate

As a dedicated system for microplastics characterization, the
8700 LDIR (Figure 2) uses fully automated workflows that
enable significantly faster analysis times than FTIR imaging.
Also, as shown in Table 7 and Figure 3, there is no need for
external data processing, as the software includes a tailored
microplastics library that facilitates the accurate identification
of polymers. The library match result is quality-assured using
the HQI score system.

LDIR hit quality index (HQI) matching is based on the
cosine similarity of the first derivative of a spectrum,
with scores from 0.85 to 0.99 indicating high confidence
matches, and 1.00 as the highest quality. It is designed
for the automated Particle Analysis workflows and
optimized for spectral comparisons in microplastics
analysis, ensuring robust and accurate identification.

Pearson correlation coefficient measures the linear
correlation between two variables, with values ranging
from =1 (perfect negative correlation) to 1 (perfect
positive correlation). It predicts how changes in one
variable will affect another and is widely used in
statistical and scientific analyses. However, it may not
capture the specific nuances of spectral data.


https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-software/agilent-clarity-software
https://www.agilent.com/en/product/molecular-spectroscopy/ldir-chemical-imaging-spectroscopy/ldir-software/agilent-clarity-software
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Figure 2. The Agilent 8700 LDIR Chemical Imaging System allows the high-speed routine analysis of microplastics, including the number of particles present in
the sample, their size, and their chemical composition.
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Figure 3. Identification and classification data for a microplastics mixture analyzed on low-e reflective IR slide using an Agilent 8700 LDIR system (39 x 23 mm
area). (A) Visible image of the analyzed area. (B) IR image scanned at 1,442 cm™". (C) Highlights of particles found—the particles are colored based on the
identification of the type of microplastics. (D) Automatic statistical data generated based on the identification of microplastics.



Conclusion

Infrared (IR) spectroscopy was used to characterize the
major types of microplastics by identifying their polymer
composition through spectral analysis. The critical role of
spectral range selection in achieving accurate identification
of microplastics was highlighted by spectral data collected
using different measurement modes and technologies.
These various methods were conducted using an Agilent
630 FTIR, Agilent Cary 620 FTIR microscope coupled to an
Agilent Cary 670 FTIR, and an Agilent 8700 LDIR chemical
imaging system.

All the major types of polymers were successfully identified
using each technique when the spectral range was narrowed
to the fingerprint region (975 to 1,800 cm™). Since this is

the spectral range used by the 8700, the study establishes
LDIR as a reliable technique for the characterization

of microplastics.

The polymer identification and HQI results show the

value of the 8700 LDIR's tailored microplastics library in
delivering comprehensive and accurate identification of
microplastics. Also, the instrument's automated workflow
ensures high efficiency in characterizing microplastics across
diverse matrices, offering rapid analysis times and high
sample throughput.

The unique design and performance features of the 8700
LDIR make it an excellent choice for routine applications
and large-scale monitoring studies focused on the
characterization of microplastics.

References

1. Commission Delegated Decision (EU) 2024/1441 of 11
March 2024 supplementing Directive (EU) 2020/2184
of the European Parliament and of the Council by laying
down a methodology to measure microplastics in
water intended for human consumption (notified under
document C (2024) 1459). ISSN 1977-0677.

2. lIssac, M. N.; Kandasubramanian, B. Effect of
Microplastics in Water and Aquatic Systems. Environ. Sci.
Pollut. Res. Int. 2021, 28(16), 19544-19562. doi: 10.1007/
s11356-021-13184-2. Epub 2027 Mar 2. PMID: 33655475;
PMCID: PMC7924819.

www.agilent.com/chem/8700-Idir

DE-003281
This information is subject to change without notice.
© Agilent Technologies, Inc. 2025

Printed in the USA, January 14, 2025
5994-8037EN

3. Ali,N; Khan, M. H,; Ali, M; Sidra; Ahmad, S;; Khan, A,
Nabi, G.; Ali, F.; Bououdina, M.; Kyzas, G. Z. Insight into
Microplastics in the Aquatic Ecosystem: Properties,
Sources, Threats and Mitigation Strategies. Sci. Total
Environ. 2024, 25(913), 169489. doi: 10.1016/].
scitotenv.2023.169489. Epub 2023 Dec 28. PMID:
38159747,

4. 1SO/DIS 16094-2. Water Quality — Analysis of Microplastic
in Water. Part 2: Vibrational Spectroscopy Methods for
Waters with Low Content of Suspended Solids Including
Drinking Water

5. Kappler, A;; Fischer, D.; Oberbeckmann, S;
Schernewski, G.; Labrenz, M.; Eichhorn, K. J.; Voit, B.
Analysis of Environmental Microplastics by Vibrational
Microspectroscopy: FTIR, Raman or Both? Anal. Bioanal.
Chem. 2016, 408(29), 8377-8391. doi: 10.1007/s00216-
016-9956-3. Epub 2016 Oct 8. PMID: 27722940.

6. Freedman, D. R.; Pisani, R; Purves, R. Statistics. 4th
Edition, W. W. Norton & Company. 2007, 415-424,
488-495, 523-540.

7. Primpke, S.; Wirth, M.; Lorenz, C.; Gerdts, G. Reference
Database Design for the Automated Analysis of
Microplastic Samples Based on Fourier Transform
Infrared (FTIR) Spectroscopy. Anal. Bioanal. Chem. 2018,
470(21), 5131-5141. doi: 10.1007/s00216-018-1156-x.

8. De Frond, H.; Rubinovitz, R;; Rochman, C. M. yATR
FTIR Spectral Libraries of Plastic Particles (FLOPP
and FLOPPe) for the Analysis of Microplastics, Anal.
Chem. 2021, 93(48), 15878—15885. DOI: 10.1021/acs.
analchem.1c02549.

Further information

— Agilent 8700 LDIR Chemical Imaging System
— Agilent Clarity Software

— Microplastics Technologies FAQs
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